Abstract
Introduction

25
In response to changing air quality and climate, there is a growing interest in by dilution in the atmospheric boundary layer, but this effect cancels out for mole fraction 39 ratios between the considered species. The mole fraction ratios estimated from ambient air 40 can also be directly interpreted in terms of emission ratios provided that the measured 41 molecules share the same origin (e.g., Turnbull et al., 2006) . Ultimately emission ratios may 42 be interpreted in terms of sectoral emissions. In practice, the mixing of air parcels of various 43 origins and ages largely hampers the interpretation. To isolate the local urban signal, 44 measurements for species with a significant life time in the atmosphere have to be corrected 45 from background influence (Turnbull et al., 2015) , usually based on other measurements The paper is structured as follows. Section 2 presents the measurements and the 69 data. Section 3 starts with a presentation of typical measurements and a discussion about In Figure 1 , we identify some events when the mole fractions of all species were 173 significantly higher than elsewhere over the campaign duration (1.25 to 6 times as high).
174
These periods (30 and 31 October, 10 and 11 November) appear to be systematically linked 175 to specific meteorological conditions when the wind speed was very low (less than 1 m.s -1 ).
176
The mole fractions obviously increased as the result of the stagnation of local emissions in 177 the atmosphere. However, three periods with low wind speed do not correspond to 178 significant peaks in mole fractions (on 5, 6 and 7 November 2013). These 3 periods were too 179 short (they last around 2h) for the accumulation of emissions in the atmosphere to have 180 taken place and did not result in high mole fractions. There is one more period that we can 181 6 highlight and for which the wind speed was less than 1 m.s -1 , from 17 November 15:00 (UTC) 182 to 18 November 7:00 (UTC). The mole fractions were higher than the common baseline due 183 to changes in synoptic conditions. However, no significant peaks are visible. We notice that 184 during this period, even though the wind speed was low, wind came from one sector only 185 (from 90 to 190°) whereas there is no specific wind direction associated to the large peaks of 
Sensitivity to the criterion on r² and δΔCO2
275
We present here a sensitivity test for the criterion on r² and δΔCO2 in the case of the 276 ΔCO/ ΔCO2 ratio during the Multi-CO2 campaign. We evaluate this ratio using the method considering a fixed δΔCO2 offset and a varying r², differences between all ratios were found 282 to be less than 6%. However, tighter restrictions on the criterion result in fewer available 283 data points that sample the emission conditions within the month less well. As an example, 284 for the couple (r²>0.6, δΔCO2>15ppm), 211 points are selected in the asymptote whereas for 285 the one (r²>0.9, δΔCO2>30ppm), only 39 points remain. We choose the criterion r²>0.8 and 286 δΔCO2>20ppm to determine the ΔCO/ ΔCO2 ratio during the Multi-CO2 campaign: it keeps 287 more than a hundred points to define the asymptote. The same test was conducted on all 288 studied ratios and differences between derived ratios do not exceed 10%, which is lower 289 than the 15% error imposed by the uncertainty on VOC data. The data selection for several 290 ratios, including ΔCO/ ΔCO2, is presented on Figure 3 . After these analyses, we finally choose to define background levels using the fifth 308 percentile on a running window of 3 days as described in Section 3.2.1. However, tests were 
Discussion
317
We apply the method presented in Section 3.3.1 to assess ratios between co-emitted 318 species in Paris. In this section, we first discuss the interpretation and the representativeness 319 of the ratios determined using the method previously presented. Then, we divide the 320 analysis in two parts. First we focus on the seasonal variability of the ΔCO/ ΔCO2 ratio using we notice that all days (weekdays and weekends) and all hours of the day were sampled 336 equally: no period type is systematically missing (see Figure 4) . This feature allows our 337 method to yield a robust average ratio per month in Paris despite, e.g, boundary layer 338 dynamics during the day.
339
Our study focuses on low wind speed periods (less than 1 m.s -1 , i.e. less than 3.6 340 km.h -1 ). Considering this speed and a typical event length of about 3h, the extension of the 341 influence zone would be a circle with a radius of 11 km if the wind direction was constant. The ratios between the co-emitted species for the Multi-CO2 and MEGAPOLI/CO2-387 Megaparis campaign, derived from our method, are presented in Table 1 . 388 Generally, ratios are different between the two campaigns. We notice differences 389 from -120% to +63%. A satisfactory agreement is found between the two campaigns for the 390 ratios that are reported in bold in Table 1 (less than 15% of difference). Several explanations 391 can be given for these differences. First, measurements were not carried out in the same one. The differences in the ratios may illustrate some evolution in the emission structure (as 394 an example, some technological improvements can occur for vehicles or heating systems). 395 Secondly, these differences may highlight the importance of the seasonal variability of the 396 ratios, which was shown in Section 4.2. Indeed, measurements were performed in autumn 397 (October-November) for the Multi-CO2 campaign and in winter (January-February) for the 398 MEGAPOLI/CO2-Megaparis one. The ΔCO/ ΔCO2 ratio from the latter campaign is also 399 reported in Figure 5 for the corresponding month of the year: it aligns well on the seasonal 400 12 variability observed in Jussieu, even though this campaign was made four years before. 401 Furthermore, average temperatures during the low wind speed periods were not the same: importance of residential heating in the total ΔCO/ ΔCO2 ratio. This ratio is higher than the 500 ones for other sectors, which is in contradiction to current estimates from the Airparif 501 inventory. Due to the heterogeneity of VOC sources, ratios that include VOCs are more 502 difficult to interpret in terms of representativeness in low wind speed conditions. 503 The determination of these average ratios may be useful to assess the estimates 504 provided by emission inventories. Indeed, city-scale emission inventories mainly focus on air 505 quality, and the link with greenhouse gases, especially with CO2, is not well made. The 506 combination of the well-known total pollutant emissions with the ratios estimated by our 507 experimental approach should allow a better quantification of total CO2 emissions. 
